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INTRODUCTION
Spreadsheet software is the most extensively used software package in many organizations. Amongst software packages used on microcomputers, in 1985 worldwide revenues from spreadsheet sales of. US$741 million were second only to word processing (US $763 million) [21] . Spreadsheet software packages are "application tools" used to develop custom applications. These custom applications are usually decision support systems (DSS) but can be used for data capture or transaction processing [9] .
Although spreadsheet use today is widespread, the importance of spreadsheet applications is ill understood and control over spreadsheet use is inadequate. A better understanding of spreadsheet software use and its applications will serve to improve appreciation of this need for control. As with end-user computing generally, there yet seem to exist several misconceptions about spreadsheet applications, that they are: simple, bug-free, entirely personal and of little importance to the organization, and consequently, they constitute an insignificant investment requiring minimal or no control [18, 211.
The objective of this research is to investigate the investment in, criticality of, and control over spreadsheet applications in business organizations. The research was conducted .in the Singapore branch of a multinational construction firm. The main research questions are:
What is the magnitude of organizational and individual employee investment in spreadsheet applications?
How important are spreadsheet applications to the organization and to individual users?
What policies and guidelines are employed to control spreadsheet application development and use?
Given the measured size of the investment and importance of spreadsheet applications, is the amount of control exercised appropriate?
LITERATUREREVIEW

Spreadsheet Use
Studies of personal computer use in organizations have identified the widespread acceptance of spreadsheets, and that spreadsheets are regarded as valuable and useful tools [3, 17, 19, 24 , 251. Carlsson [6] divides the little research that has been done on spreadsheets into that conducted in natural settings (organizations) and that conducted in controlled settings (laboratories). Laboratory studies have focused on such things as the mechanics of spreadsheet use [5, 8, 16, 271 and spreadsheet application quality.
The quality issue has perhaps received the greatest attention. Sehr [28] discusses several potential abuses of spreadsheets, such as presentation of excessive amounts of information, mixing of data and logic, and inadequate consideration of potential users, Estimates from the trade press on the proportion of spreadsheet applications in use which contain errors range from 20 to 40 percent (e.g.
[lo]). Brown and Gould's [5] study of spreadsheet applications developed by volunteer IBM staff with an average of 2.7 years of spreadsheet experience each found 44% of the applications developed contained usergenerated programming errors. Ballou et a1 [2] studied the impact of faulty data on spreadsheet computations and projections, and developed a framework for determining the relative importance of different errors in data.
Carlsson [7]
reports results from a study on spreadsheet software use conducted in several departments within a city administration. Fourteen volunteer participants began the study by taking a two-day course on the spreadsheet software in question. That only three of the fourteen participants became spreadsheet software users made the question of why the others did not start using the spreadsheet software an interesting one. The study explored the non-use phenomenon and focused on four aspects: implementation, organizational support, the spreadsheet software package, and personal and task characteristics. The findings suggest the need for a broader perspective for managing end-user computing; a perspective that includes change in jobs, job perceptions, autonomy, discretion, and power.
Much of the other published literature on spreadsheet use relates to: how to use the spreadsheet, when to use the spreadsheet, and what the spreadsheet can do for you [4, 10, 13, U]. Most of these writings are from the popular press, and though of some value to practitioners, add little to the body of spreadsheet research knowledge. No empirical research has been done which specifically addresses spreadsheet investment, criticality, and control, the central focus of this study.
Investment, Criticality and Control
Spreadsheet applications are usually a form of decision support system, and spreadsheet generation is usually a form of end-user computing. Thus, guidelines and controls employed in these areas often apply directly, or can be modified to apply to spreadsheet use.
In a study of a Palo Alto based drug manufacturer, Syntex Corporation, Moad [20] reported that an increasing number of microcomputer applications written by its autonomous business units were becoming so central to its business that their failure could have a quick and direct impact on the company's bottom line. These applications were developed and implemented without basic controls. A new set of policies intended to impose a standard set of management controls on company-critical, microcomputer-based applications was developed and supported by company business units. Syntex also identified who in the organization is responsible for what aspects of justifying, developing, and supporting these critical, user-developed applications.
Gemty and Rockart [12] recommend that as a first step in the management of end-user computing, a set of policies, standards, and guidelines must be developed to ensure a standard technical environment. Policies fall into six groups: purchase justification, hardware standards, software standards, use guidelines, application guidelines, and data administration [ll, Purchase justification should be reviewed as a business decision, not a technical decision.
Benson [3] notes that coherent policy concerning microcomputer use is generally lacking. Pavri [22] found that the majority of managers are aware of the existence of microcomputer policies in their companies. They have policies regarding new hardware and s o h a r e acquisition, but policies to ensure integrity of data, usage, backups, security and documentation in end-user computing are largely non-existent.
Because spreadsheet software is widely used by end-users to develop their own applications, and because a significant number of serious errors have been reported as a result of misuse of spreadsheets, Ronen et ul [26] identified the need for a more methodical approach to spreadsheet application development. As has been done for other programming languages, the authors propose a life cycle for spreadsheet application development with the following phases: problem identification, definition of model outcome/decision variables, construct the model, test, documentation, audit, prepare a user manual (optional), training (optional), and installation. This formal life cycle is only justifiable with complex spreadsheet applications. If the user is simply using the spreadsheet software as a word-processor or to develop simple tables, the life cycle is unnecessary.
RESEARCH METHOD
The Research Site
In anticipation of considerable difficulty gaining access to the level of detailed data we required, it was decided to restrict the study to a single organization in which one of the researchers is actively employed.
Advantages stemming from studying a firm in which the researcher is integrally involved include: honest and thorough responses, good access to required secondary data sources (e.g., employee and hardware data), and ease of return access for additional information where necessary. Also, the researcher, being the main computer support person in the firm, already had a good appreciation of end-user computing activity.
The case company, Overseas Construction Inc. (OCI), is a subsidiary of a Chicago-based multinational. OCI's main business activity is heavy construction. Starting with 6 employees in 1975, OCI has grown rapidly. Today, the firm has a highly skilled staff, with 15 managers and 20 professionals accounting for 42% of the total 84 employees. Annual revenues for the Singapore business are about S$60 million (approx. US$30 million).
End-user computing has grown rapidly in the company since acquisition of their first microcomputer in 1984. Currently, OCI has invested approximately S$lOO, OOO in 30 microcomputers and related software. Although at the time of the study no central computing facility was in existence, the acquisition of an IBM System/M from one of the other offices was in process, with the objective of bringing accounts processing in-house. OCI is, in this respect, representative of a large number of small and medium-sued organizations today in which end-user computing has preceded or led data processing.
Data Collection Procedure
Data were collected through questionnaires, formal as well as informal interviews, and from existing files and documents. * Early in the study, formal interviews were carried out with departmental managers to elicit their views regarding the company's investment in spreadsheet applications and the extent of control existing over development and use of spreadsheet applications. Figure  1 shows the data collection process. Data were collected in stages in order to reduce the effort involved at any one time and to gain commitment as the research progressed.
The detailed steps involved and the instruments used are described in Appendix A.
Significant effort was taken to ensure smooth and successful data collection. First, top management's approval to proceed with the case study was obtained. The Asia Pacific Area General Manager was asked to write a letter to all departmental managers seeking their support for the study. Next, a diskette based questionnaire to capture application details was developed. The questionnaires were hand-delivered to users on diskette by one of the researchers and late respondents were contacted personally. Through the approach described, response from users was 100% and we feel the register of applications to be reasonably comprehensive.
All respondents were known to be spreadsheet users and a version of the questionnaire was developed for each spreadsheet software used in the firm (Lotus 123, Symphony, and Excel). The diskettes were personalized before distribution, with each of the applications listed by the respondent in the Summary Application Survey (see Appendix A) reflected as a column in the spreadsheet questionnaire. Thus, the questionnaire questions are listed down the lefthand-side and each column is used to enter the responses for a given application, with the questions fixed on-screen, and the columns (applications) scrollable from left to right.
We chose to use a spreadsheet based questionnaire for several reasons. Since all respondents were spreadsheet users, they would feel comfortable with the interface and the novelty factor was predicted to have a beneficial impact on the quality of responses. Furthermore, a single diskette is less daunting than multiple 8 page questionnaires, one for each application identified by the user. Also, logistically, diskettes were easier to manage than hardcopy forms, and the data collected did not have to be re-entered for analysis.
DESCRIPTIVE STATISTICS
Analysis of the data yielded interesting descriptive statistics on spreadsheet users, spreadsheet software used, and spreadsheet applications. Table 1 groups respondents into four major categories: Management, Professional, Clerical, and Others. The two senior managers in the firm are grouped together with middle management. Project managers, accountants, and engineers are classified as Professional. Account clerks, secretaries and general clerks are classified as Clerical.
Spreadsheet Users
The "Others" category consists of warehouse personnel.
Fifty-five of the 84 employees in the organization are microcomputer users; 40 are spreadsheet users. Of particular interest is the significant level of management use of microcomputers and spreadsheets. Eighty-seven percent of Management are microcomputer users of whom 92% are spreadsheet users. Eighty-three percent of Professionals are microcomputer users of whom 64% are spreadsheet users. Table 2 indicates years of spreadsheet experience of spreadsheet users. About 80% of the 40 users have more than 2 years spreadsheet experience, 43% have more than 3 years experience, and 25% have more than 4 years experience.
One staff was identified as a functional support person based on the number of applications developed for others and time spent helping others solving spreadsheet problems [Z] . The functional support person has 4 years of spreadsheet experience with 147 applications developed in the past two years. The first spreadsheet she learned was Lotus 123, followed by Symphony, Quattro, and Ewcel. She spends about 15 hours per month helping colleagues in all departments with their spreadsheet problems. She also spends a considerable amount of time developing spreadsheet applications for others and modifying existing applications from the head office to suit local requirements.
Spreadsheet Software Used
Lotus 123 and Symphony are equally popular amongst the spreadsheet users. Lotus 123 was the first spreadsheet software that most users learned (60%). Seventy percent of spreadsheet users employ two or more spreadsheet packages. This implies that users develop applications with different spreadsheet packages based on the application's specific requirements. In the interviews, users indicated that integrated packages like Symphony allow them to do things that Lotus 123 cannot, for example, integrate memos with tables. The user might continue to use Lotus 123 for certain applications and Symphony or another package for others. Users indicated a preference for Symphony because of its integration capability and for Excel for its graphics and presentation capabilities.
Spreadsheet Applications
Amongst the 40 spreadsheet users, six staff do not develop any applications but simply use spreadsheet software for one-off problem solving or use applications developed by others. The survey identified 402 spreadsheet applications developed by 34 users. Because several of the applications are used by multiple users, the number of applications in use, 459, is greater than the number developed. Table 4 shows the primary focus of the applications and demonstrates their diversity.
The main types of applications are adminstration (25%), reporting (14%), and planning (12%). Management uses more applications for analysis purposes than the other categories. None of Management's applications are classified as "reporting" while 19% of Professional and 24% of Clerical applications fall into this category. Administration is the main application type for both Management (29%) and Clerical (69%). Table 6 shows the frequency of application use. Forty percent of the applications are used on a monthly basis, and 17% quarterly. Almost 20% are used daily or weekly. These data indicate that a significant portion of the spreadsheets are developed for routine tasks. Table 7 shows the primary source of the data used for each application. Forty-two percent (192) of the 459 applications use data from a previously prepared computer printout. Half of these 192 applications involve medium to high volumes of data. Only 3% (13) of the applications use data imported directly from other microcomputer applications. Depending on the amount of data involved, rekeying can require substantial redundant effort and can be prone to human error.
INVESTMENT, CRITICALITY AND CONTROL
Investment
Investment in spreadsheet applications is measured based on development time plus apportioned hardware and software costs. All of the departmental managers interviewed felt they had no investment in spreadsheet applications, other than the hardware and software costs. Management at OCI argued that spreadsheet application development is not an investment; just as using a calculator is not an investment. They argued that spreadsheets are simply a tool for doing a job that might have been done using some other tool.
For the purpose of this study, a spreadsheet application is considered to be an investment only if it will be used more than once. The fact that the respondents indicated 96% (386) of the applications identified in the study would be re-developed if lost is testimony to their value. Time spent using applications is not considered as investment. One-off applications and use of spreadsheet software as a calculator were not included in the investment calculation because they do not yield on-going benefits.
In the initial Summary Application Survey, respondents were asked to list all existing spreadsheet applications which they have personally developed or jointly developed with others. They were also asked to list all applications which they currently make use of, though they were not involved in their development. The resultant list thus includes all existing applications. From Table 6 , it can be seen that 9% of the applications identified have not been used or have thus far been used only once.
All respondents were required to list only the primary applications they developed. By primary application we mean the initial application from which several variations may have evolved. We decided to calculate investment in primary applications only, because of the difficulty in differentiating multiple versions from multiple "uses" of the same application. For example, if an application calculates a column of six-month rolling averages, and each month the column logic is modified for that month's run, should this be considered a new version? If old versions are occasionally re-run for whatever reason, then it may be valid to consider each month's application a separate version. If not, then perhaps they shouldn't. One respondent indicated 24 versions of a monthly spreadsheet based report. It was found that only the data changed from month to month and that essentially each version represented a "use" of the primary application and not a new version.
By excluding "versions" of primary applications, the investment figures calculated, if inaccurate, err on the conservative side.
The bottom-up calculation of individual and organization investment in spreadsheet applications was based on the sum of development time costs and apportioned hardware and software costs. Development time costs are based on: hours to develop each application, multiplied by a grossedup hourly rate for the developer. The hourly rate used includes salary, Central Provident Fund contribution (a Government retirement fund), bonuses, medical insurance, housing allowance, education allowance, car allowance, fringe benefits and overheads. Hourly rates thus derived of course varied substantially between lower level and senior employees of the firm, with the highest rate being over 30 times the lowest. Using the above method, total spreadsheet development time costs were estimated at approximately S$220,000.
As mentioned previously, the firm's current investment in microcomputer hardware and software is approximately S$lOO, OOO. The hardware and software existing have been accumulated over several years. From the Spreadsheet User/Developer Survey we found that the microcomputers were being employed 61% of the time for spreadsheet use. We conservatively estimated that one-half of that time was spent developing applications versus doing one-off exercises. We roughly estimated the installed base to be 50% depreciated. Thus, the total hardware and software cost allocated to the spreadsheet applications is S$15,250 Table 8 gives summary statistics on OCI's investment in spreadsheet applications. The table includes statistics for all developers, the functional support person (FSP), and totals net of the FSP amounts. The total investment amounts to approximately S$234,OOO. Early estimates of investment in spreadsheet applications by management and users were 17% and 2% of the figure calculated respectively. These data clearly show that neither management nor users are aware of how much they have invested in spreadsheet applications.
Approximately 3,112 hours were spent developing the spreadsheet applications identified.
The average investment in applications per developer is S$6,879. The maximum investment for a single developer is almost S$49,000. The average cost per application developed is S$582 and the maximum cost for a single application is S$7,535. The average time required to develop an application is 7.7 hours and the maximum, 30 hours.
With the exclusion of the FSP, the average cost per hour to develop an application increases from S$75 to S$8l; the average cost per application increases from S$582 to S$874; and the average time to develop an application increases from 7.7 hours to 10.8 hours. Though the FSP accounts for 37% (147/402) of all applications developed, her development costs ar.e only 4% ($9,264/$218,621) of the total. This is because her hourly rate ($30) is only 40% of the average ($75) and her average time to develop an application (2.5 hours) is only 32% of the overall average (7.7 hours).
Whether the FSP's lesser average hours per application is entirely due to the superior spreadsheet expertise of the FSP, or also to differing complexity and size of applications developed, is not clear. Undoubtedly, the FSP's substantial experience with spreadsheet application development (366 hours over two years) and support (approximately 180 hours per year) is indicative of, and contributes to, her effectiveness. It is interesting to note that assuming the FSP's development hours were expended equally over the past two years (183 hours per year), she spends approximately 363 hours per year on spreadsheet development and support, with most of the development being for others. Based on 1900 working hours in a typical year, this accounts for approximately 20% of her time. This 20% does not include the FSP's time spent with other areas of computing support. It is thus important that management of OCI formally recognise the FSP role.
The combination of the FSP's less than average cost per hour and less than average hours per application, results (s$ioo,ooo x 0.61 x 8.5 x 0.5).
in an average investment per application (S$75) which is less than 10% of the average excluding the FSP (S$874). The average cost per hour for development by other than the FSP, of S$81 is substantial, due to much spreadsheet application development being undertaken by highly skilled, senior staff.
Criticality
Criticality refers to the degree of dependence of the organization and the individual on the spreadsheet application, and the time users can tolerate being without the application. Table 9 shows that 84% of the applications were considered to be important to extremely important to users.
Applications considered important to users might not be important to the company. Table 10 shows that 46% of the applications are considered important to extremely important to the company. Furthermore, as stated previously, 96% of the 402 applications would be redeveloped if they were lost. Table 11 shows the length of time users can tolerate being without specific spreadsheet applications. For 52% of the applications, users can tolerate up to one month. There is a close correspondence between the length of time users can tolerate being without an application and the frequency of use ( Table 6) .
During the interviews, departmental managers expressed awareness of how heavily their staff are using spreadsheet software in their work. Taken together, our data show that management and users do appreciate the degree of their dependence on spreadsheet applications.
Control
Based on findings from the Management Survey, no formal guidelines nor policies for spreadsheet development and use exist. Neither was there any evidence of formal guidelines being followed at the individual employee level. Table 12 shows the guidelines employed in spreadsheet development at the individual level. Half of the users do not follow any guidelines at all. Only three users had their outputs formally reviewed by someone else. None of the users includes internal comments to describe the spreadsheet logic and functions, and none had their logic formally reviewed by someone else in the organization. The few guidelines employed are very low level and offer no protection against application loss. Thus, even though spreadsheet users are highly dependent on spreadsheet applications, the amount of control exercised over spreadsheet development at the organizational and individual user levels is disproportionately low.
IMPLICATIONS
Our findings have important implications for managing spreadsheet development and use.
Investment in Spreadsheet Applications
Our data, and anecdotal evidence in the literature, support our belief that management and users do not appreciate the magnitude of their investment in spreadsheet applications. IS professionals can play an important role in this respect by highlighting to top management the amount of investment involved. This can be achieved by a study like ours which involves compilation of a register of spreadsheet applications, and a bottom-up calculation of the development time cost and apportioned hardware and software costs. Such a study will also help to identify company critical applications, spreadsheet developers and users, and functional support persons. This information will provide a basis for the formulation of policy to control spreadsheet development and use.
Our data indicate that spreadsheet application development is being undertaken by many highly skilled, senior staff. Senior managers should be aware of the high cost involved if they are to develop applications themselves. Increased control over and support of spreadsheet development may serve to insure these expensive and important staff are making most effective use of their time with spreadsheet development. Also, better monitoring and control of application development will facilitate identification of situations in which the expertise of functional support persons can be employed, or development delegated to lower level staff in the firm. Where the application can be developed by a lower level staff, savings may be possible.
Alternatively, it may be argued that, as in DSS development [15] , the real benefits derive from the improvement in the user's understanding of the problem, realized through the iterative development process. Another argument is that managers may have to spend more time explaining their requirements to the developer than it would take to do it themselves.
6.2
The amount of control over spreadsheet development and use should be commensurate with the amount of investment in and criticality of the spreadsheet applications. Without an appropriate level of control, the organization will be at risk because important spreadsheet applications are vulnerable to misuse, loss or damage.
Where the application will be used by more than one user, there may be a need to better control against intentional or inadvertent modifications to program logic. Measures which can be taken range from those aimed at controlling against the introduction of casual errors, through those intended to make the application bullet-proof. Casual errors can be reduced through such measures as: protecting cell ranges from write access, locating data separately from spreadsheet logic, and good general design and documentation. Where the application is highly critical and the increased effort and expense of maximising control is warranted, more stringent controls include:
Control of Spreadsheet Development and Use password access, access only through a macro based menu system, program control over keyboard key functions, compilation of the application (so that only object code is accessible and executable), and control over physical access.
One of the best means of control in any organisation is adequate and effective training. In the Spreadsheet User/Developer Survey, users were requested to indicate what methods of learning spreadsheet software had been most useful to them. They were asked to rank only those methods they had employed. Management, Professional and Clerical identified "developing an application with the assistance of someone knowledgeable" as the most useful method of learning spreadsheet software. Management and Professional next identified "developing an application on their own", followed by "trial and error experimentation." Surprisingly, these two groups, who constitute 70% of spreadsheet users, ranked "training courses" only fourth and fifth. This may indicate their inherent ability to learn the software, or an aversion to attending training courses.
In any event, training courses are an effective and efficient means of teaching spreadsheet software use and development guidelines. Perhaps these senior staff could be convinced of the effectiveness of the approach given adequate feedback is sought in the design of the courses. Separate courses aimed at those with a better feel for the spreadsheet paradigm and perhaps some beginning knowledge of the software should be designed. Though spreadsheets are well entrenched at OCI, '52% of employees are yet non-users. Advanced courses or courses aimed specifically at development guidelines can also be conducted.
Where the organisation can afford on the job training dealing with real-world problems, this is possibly the best approach. Where this approach is employed, the opportunity to inculcate in users appropriate development guidelines and a sense of the need for control should not be missed.
SUMMARY
This case study shows that the organization and users are very dependent on spreadsheet applications. Both management and individual employees demonstrated little awareness of their investment in spreadsheet applications. Control exercised is low relative to investment and criticality.
Although the findings are derived from a single organization, our data, based on a detailed bottom-up calculation, provide strong evidence to debunk the common myth that spreadsheet applications constitute an insignificant investment requiring minimal or no control. These findings, though not generalizable to all organizations, are probably representative of many small and medium-sized organizations where end-user computing has preceded data processing. The objective was to compile a register of all spreadsheet applications in use. Upon return of a list, the researcher arranged to spend five to ten minutes with the respondent to insure they had included all spreadsheet applications of interest.
Stage (3) The Management Survey
Formal interviews were carried out with departmental managers to elicit their views regarding the company's investment in spreadsheet applications and the extent of control being exercised over development of spreadsheet applications.
Stage (4) The Spreadsheet User/Developer Survey After collecting the lists of applications from the spreadsheet users, the Spreadsheet User/Developer Questionnaires were circulated for completion. In this round, users were asked several general questions regarding spreadsheet use and their time spent using microcomputers.
Stage (5) The Detailed Spreadsheet Application Survey
The Detailed Spreadsheet Application Questionnaire waki the most important source of data in the study. These questionnaires were developed as spreadsheet applications and were given to users on diskette. Spreadsheet users were required to spend a good deal of time answering the questions, depending on the number of spreadsheet applications they identified in stage 2. In stage 2, users were not aware that a follow-up detailed questionnaire would be administered, so as not to discourage them from listing applications.
A2. Data Collection Instruments
Several data collection instruments were developed to capture the data needed. Three main questionnaires were designed and administered in sequence.
(1) The Summary Application Survey This is a simple questionnaire, consisting of a simple table for users to fill in their spreadsheet applications and identify one-off spreadsheet applications.
Most of the spreadsheet users developed several one-off applications which they would use once then throw-away. We felt that one-off applications might constitute a significant portion of the applications they developed, therefore, we asked the users to approximate the number of one-off applications they developed over the past year and the average time they spent developing them.
(2) The Spreadsheet User/Developer Questionnaire This questionnaire was intended to yield insight into users' practices and attitudes. It consisted of 19 questions and was given out in hardcopy form. The questions relate to how long they have been using spreadsheet software, estimates of their spreadsheet investment, what is the best way to learn spreadsheeting, which spreadsheet packages they learned to use and the time spent learning the packages, their dependence on spreadsheet applications, and the number of hours the user spends with microcomputers at work and at home, as well as their time spent with spreadsheet applications. We also asked if the users follow any guidelines or rules in their spreadsheet development process.
(3) The Detailed Spreadsheet Application Questionnaire This questionnaire was given to the user/developer in diskette format with their applications listed individually at the top of each column. There are three parts to this questionnaire. In part A, the users are asked several general questions relating to the application of interest. Part B includes questions relating to the development of the application. Part C includes questions relating to use of the application. For each application, the user was to answer all questions in Part A, and answer all questions in one of, or both of parts B and C, dependent upon whether they used the application and/or were involved in its development. 
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